The transverse spin effects may be helpful to distinguish between scalar (J P C = 0 ++ ) or pseudoscalar (J P C = 0 −+ ) nature of the spin zero (Higgs) particle once discovered in future accelerator experiments. The correlations can manifest themselves e.g. in distribution of acollinearity angle of X ± in decay chain H/A → τ + τ − ; τ ± → νX ± . This delicate measurement will require however reconstruction of the Higgs boson rest-frame. Then, questions of the combined detector-theoretical effects may be critical to establish reliability of the method. Appropriate Monte Carlo program is essential.
e.g. in distribution of acollinearity angle of X ± in decay chain H/A → τ + τ − ; τ ± → νX ± . This delicate measurement will require however reconstruction of the Higgs boson rest-frame. Then, questions of the combined detector-theoretical effects may be critical to establish reliability of the method. Appropriate Monte Carlo program is essential.
In the present paper we extend the standard universal interface, of the TAUOLA τ -lepton decay library, to include the complete spin effects for τ leptons originating from the spin zero particle. As usual, the interface is expected to work with any Monte Carlo generator providing Higgs boson production, and subsequent decay into pair of τ leptons.
Some example of numerical results and cross checks of the program, will be also given.
One of the main goals for future high energy experiments is to measure properties of the Standard Model (SM) Higgs sector. Proton-Proton Colliders, such as Tevatron [1] or LHC [2, 3] [6] .
One of the important measurement, just after establishing that the newly discovered particle has indeed spin zero is to check if it is a scalar or pseudoscalar. Depending on the mass of the (to be) discovered Higgs boson, different observables can give access to this information. Already long time ago, see e.g. [7] , it was argued that exploring transverse spin correlations in the Higgs boson decay H/A → τ + τ − ; τ ± → ν τ X ± may be, in some cases, helpful. Interest in such process is recently revived in context of proposals for Linear Colliders. The measurement may be however involved, as it require reconstruction of acollinearity angle between τ + τ − decay products in H/A rest-frame. The distribution in this angle is sensitive to the transverse τ + τ − spin correlations, which are different for the scalar and pseudoscalar. Precise enough reconstruction of the H/A rest-frame may turn out to be a challenge. Many effects, theoretical (e.g. QED bremsstrahlung), or experimental (beamstrahlung, not sufficient hermeticity of the detector, angular/energy resolution etc.) may invalidate the method. It is generally expected that the Monte Carlo method is the only way to estimate whether such measurement can be realized in practice, and which performance features of the future detectors may turn out to be crucial.
In the paper, we will present an algorithm for generating decays of τ ± leptons produced in H/A → τ + τ − including full spin correlations. We will show some distributions to check correct functioning of the program as well. Finally, distributions with smearings emulating detection-like effects will be given.
We start from an algorithm presented in Refs. [8, 9] , where τ lepton decay is combined, with the part of the event for τ production provided by any (host) Monte Carlo program. The only requirement is that generated events are stored in HEPEVT common block [10] . The kinematical information on the momenta of all particles forming an event is enough to calculate spin state of the τ , at least at the level of the approximation used. The TAUOLA library [11] [12] [13] is used to decay τ lepton(s) of the fixed helicity state. The PHOTOS [14, 15] Monte Carlo program is used for generating radiative corrections in the decay.
Since Higgs boson spin is zero, the correlations do not depend at all, on the mechanism of Higgs boson production. This facilitated our work a lot. Technical difficulties related to the choice of τ + and τ − spin quantization frames, present in the case of e + e − → Z/γ → τ + τ − [16, 17] (bremsstrahlung effects included or not), were not present. Some modifications were nonetheless necessary for introduction of full spin correlations into the algorithm. Let us list changes introduced with respect to algorithm of Ref. [8] :
1. The TRALOR routine [11] defining relation of τ ± spin quantization frames and laboratory frame, had to be replaced. New version assures that in case of Higgs boson decay, the quantization frames for spin states of τ + and τ − are properly oriented with respect to each other. In fact they are simply connected by the single boost along the z-axis (no rotation). Boosts along the same axis connect the τ ± restframes with the Higgs boson rest frame. The Higgs boson rest frame is connected with the Laboratory frame in the way as explained in [8] .
2. The density matrix was taken from Ref. [7] and defined for the quantization frames as specified in previous point. Case of purely scalar or pseudoscalar Higgs boson is implemented only. Any further extension is straightforward.
3. Generation of the decays is implemented in subroutine (SPINHIGGS) following the method explained in Ref. [11] and already previously used in KORALB [17] .
4. We assume, that in the Higgs boson decay, production generator, does not include bremsstrahlung. Instead, PHOTOS [14, 15] can be used for that purpose, once generation of τ ± decays is completed.
5. More complete inclusion of bremsstrahlung corrections, would require substantial re-write and extension of the program to the solution as in Ref. [18] or a similar one.
Once we have explained the main principles of the generation algorithm, let us turn to the discussion of numerical results. We will take Higgs boson of 120 GeV as an example and we will look for the difference if it is scalar or pseudoscalar. In the first group of our plots thick line will denote predictions for scalar Higgs boson and thin line for the pseudoscalar one. For simplicity, and to better visualize spin effects, we take single τ ± → νπ ± decay mode only. Let us start with non-observable distributions defined in the Higgs boson rest-frame, which can nonetheless serve as convenient technical tests of our program. Fig. 1 presents distribution in the polar angle (φ * ) denoting relative acoplanarity of π ± momenta around τ ± momentum axis. The distribution is indeed, as it should be [7] , proportional to
cos φ * respectively for scalar and pseudoscalar Higgs. In Fig. 2 we plot the distribution of π + π − acollinearity angle (δ * ). The difference between scalar and pseudoscalar Higgs is clearly visible especially for acollinearities close to π (see Fig. 3 ). If not washed out by the detector and/or bremsstrahlung effects this would offer very interesting possibility.
Let us now turn to the distributions defined for the combined process of decay and production of the Higgs boson. For the production we have taken the process e + e − → ZH; Z → µ + µ − ; H → τ + τ − (only scalar H can be produced in this process), at Center-ofMass-System energy of 350 GeV . Monte Carlo program PYTHIA 6.1 [19] was used, and effects due to initial state bremsstrahlung were taken into account. The thick line will denote now, and in all further plots, the case when all spin effects are included. Thin line will denote the case when longitudinal spin correlations are included only. The difference between the two lines visualizes the size of the transverse spin effects. If we compared predictions for scalar and pseudoscalar, the difference would be roughly factor of two larger. However, ambiguities due to generally distinct production mechanisms would make the picture more involved and less suitable for our discussion.
As we can see in Fig. 4 , the π + π − acollinearity angle (δ) distribution in laboratory frame looks quite different than in the Higgs boson rest-frame, the two cases of different spin treatments are practically indistinguishable, distribution is not peaked at δ ∼ π at all.
If information on the beam energies and energies of all other observed particles (high p T initial state bremsstrahlung photons, decay products of Z etc.) are taken into considerations the Higgs rest frame can be reconstructed. We may define the 'reconstructed' Higgs boson momentum as the difference of sum of beam energies and momenta of all visible particles, that is decay products of Z and all radiative photons of | cos θ| < 0.98. We will mimic detector and beamstrahlung effects in a very crude way, assuming flat spread over the range of ± 2 GeV with respect to the reconstructed transverse momentum of the Higgs boson and over the range of ± 5 GeV for the longitudinal component. As we can see ( Figs. 5 and 6) in distribution of acollinearity angle (δ • ) defined in reconstructed Higgs boson rest-frame, the effects due to transverse spin effects are barely, but still visible.
In our example study, we have neglected detector uncertainty for the measurement of directions and energies of charged π ± . We have not discussed at all, the effects due to final state bremsstrahlung, even though we have installed the possibility in our program. We think, bremsstrahlung and detector effects need to be discussed together. Some work was already started on studying detector effects, see [20] for details. With the Monte Carlo tool like the present one, it will be possible to extend this study. More realistic assumptions on detector functioning can be made, and all τ decay modes can be used. Also, properties of the other τ decay modes can be used to improve sensitivity. The methods fruitful for e.g. measurement of τ polarization at LEP 1 and for study of CP parity are known since long [21, 22] , and may become useful in our case as well.
Question of precision required by experiment for the ultimate Monte Carlo solution and question of the uncertainty of our solution, will need to be addressed at a certain point. Definitely before interpretation of the real data of Linear Collider experiments. This is however out of the scope of the present paper. 
